This letter discusses the physical origin of the sharp minima observed in the reflection spectrum of normally incident ultrasonic waves from periodic free solid and solid-liquid interfaces. It is shown that Rayleigh wave generation along the surface does not necessarily produce a corresponding minimum in a reflected spectrum unless some mechanism of energy loss is involved as well.
INTRODUCTION
It has been shown by both experimental and theoretical means that the reflection coefficient of a periodic surface exhibits a number of sharp minima at certian characteristic frequencies. Jungroan et al.
• developed a method to study this phenomenon by using broadband ultrasonic pulses at normal incidence and spectrum analyzing the reflected and 
where c is the velocity of a particular mode propagating along the interface, and A denotes the periodicity of the surface.
Theoretical studies did not fully corroborate this simple rule of thumb. Jungman et al. 3 calculated the plane-wave reflection coefficient from the periodic free surface of a solid half-space by using the boundary integral method developed earlier by Fokkema and van den Berg. 4 As it is shown in Fig.   1 , they found a significant discrepancy between theoretical predictions and experimental results since the first minimum at around 8 MHz corresponding to Rayleigh wave generation was clearly observed experimentally, but failed to show up in the theoretical results. There is a fairly simple explanation for this discrepancy based on the principle of energy conservation. There is only one propagating diffraction mode at normal incidence in this low-frequency range, namely, the zero-order longitudinal mode. Part of the incident energy is clearly missing from the specular reflection since it was mode converted into Rayleigh modes propagating in both directions along the interface, but this energy is reradiated backward at normal incidence into the solid halfspace as the Rayleigh components become leaky on the periodic surface. In order to verify this conclusion, the planewave theory was modified at first by using an appropriate gating function 3 and later by introducing finite beam analysis. 5'6 These analytical methods excluded part of the reradiated Rayleigh wave energy and properly described the experimentally observed first minimum. Figure 2 shows the frequency-dependent reflection coefficient of a periodic brass-water interface at normal incidence. In contrast to the above discussed free solid (solidair) interface, theoretical results for the plane-wave reflection coefficient of a periodic solid-liquid interface properly predict the first Rayleigh-type minimum without including finite beam effects.7'n In order to avoid any discrepancies due to numerical errors in the different theoretical methods, the same calculations were repeated for the solid-air case also, but the perdicted theoretical curves turned out to be identical with no perceivable minimum corresponding to the Rayleigh wave velocity.
I. SOLID-LIQUID INTERFACE
The apparent paradox that needs to be explained is as The main puri>ose of this letter is to clarify the apparent controversy concerning the existence of the first Rayleightype minimum in the reflection spectrum of periodic solidair and solid-liquid interfaces. As for this particular minimum, the suggested explanation is in good agreement with all theoretical predictions and experimental observations.
On the other hand, we must recognize the more general nature of the above argument by applying it to the other minima as well. In particular, the second minimum at approximately 17 MHz in Fig. I seems to be in contradiction with our expectations. According to the diffraction grating rule of thumb, such sharp dips tend to occur near a frequency where a spectral order goes through the transition from evanescent to propagating.3 This might be so in the case of solid-liquid interfaces, but cannot explain the very strong singularity at 17 MHz in the plane-wave reflection spectrum of a lossless solid-air interface. Although this minimum is not too far from the cutoff frequency of the first-order longitudinal diffraction at 18.8 MHz, the sharp minimum in the plane-wave reflection coefficient cannot be attributed to the appearance of a propagating longitudinal wave along the periodic interface. Such transition from evanescent to propagating mode (without some additional mechanism of energy loss such as finite beam effect) causes a drop rather than a distinct minimum, as it happens at the shear cutoff frequency of 8.44 MHz. The actual cause of such sharp minima in the planewave reflection coefficient of a periodic solid-air interface is still not very well understood. Numerical results show that the position of this minimum is very sensitive to the depth and shape of the surface profile, and that this singularity is more likely an artifact caused by too deep a surface corrugation rather than an indication of sound diffraction along the surface. This explains the apparent discrepancy of about 1 MHz between the positions of the experimental and theoretical minima, since the analytical technique used in our calculations is much less accurate for accounting for depth and surface profile effects than for lateral resonances.
II. CONCLUSIONS
The first minimum in the reflected spectrum from a periodic solid interface is associated with Rayleigh wave propagation along the surface. The actual minimum occurs only when some kind of energy loss prevents the generated leaky surface wave from reradiating its total energy into the reflected field. This additinal condition resolves the apparent contradiction between the solid-air and solid-liquid cases and draws further attention to the misunderstood nature of the additional minima found in the plane-wave reflection coefficient of periodic solid-air interfaces.
